tologic features in the eye are poorly documented, with prior reports restricted to children. Our 3 adult cases are reported using updated criteria and, despite the difference in age, show changes similar to those observed in the pediatric population.
Introduction
Hemophagocytic lymphohistiocytosis (HLH), also known as hemophagocytic syndrome, is a rare, heterogeneous group of disorders resulting from multisystemic inflammation caused by hyperactivated macrophages and lymphocytes that produce large amounts of cytokines [1] [2] [3] . Unless treated aggressively, it is rapidly lethal. It usually presents in children <1 year of age, particularly in patients <6 months [1, 4, 5] . Nevertheless, late onset in adolescents and adults is well-documented, as well as a slight male predominance [6, 7] . Based on its etiology, HLH is classified as primary (genetic), mainly inherited in either an autosomal recessive or X-linked recessive pattern, or secondary (reactive or acquired) ( Table 1 ) [8, 9] . As the name reflects, HLH is histologically characterized by abundant inflammatory cells, mostly histiocytes and vari-able numbers of lymphocytes, infiltrating a variety of tissues. Even though hemophagocytosis is a distinctive finding typically seen in bone marrow, spleen, and lymph nodes, it may be absent in initial stages of the disease or in other organs. Herein, we report 3 patients who developed adult-onset HLH with bilateral ocular involvement and describe their clinical and histopathologic features.
Materials and Methods
Clinical information was obtained from retrospective review of the medical records, while systemic and ophthalmic postmortem findings were obtained from the final autopsy reports. The study was performed under approval of the Johns Hopkins Institutional Review Board (NA_00011133 approved 9/14/2013). All hematoxylin and eosin (H&E) stained slides from the globes and optic nerves were reviewed. Immunostaining for CD163 (clone 10D6, Novocastra, 1: 500), CD3 (PS1, Leica, prediluted), CD20 (L26, Dako, 1: 200), and BRAF p.V600E (VE1, Ventana, prediluted) was performed. The immunohistochemical protocol included deparaffinization, hydration, antigen retrieval, primary antibody incubation, and detection and visualization according to the manufacturer's instructions.
Results

Case 1 Clinical History
The patient was a 70-year-old male with acquired immunodeficiency syndrome and a past medical history of disseminated varicella-zoster infection, purpuric vasculitis, and central nervous system toxoplasmosis, who presented 2 months prior to his death with severe left-sided headache. The diagnosis of sinusitis was made, and he was treated with ethmoid and sphenoid sinus drainage without improvement. Subsequently, he presented with left visual loss presumably due to central retinal artery occlusion, for which treatment with prednisone was started. Afterwards, he declined progressively with aphasia, hemiparesis, fever, anemia (hemoglobin 9.9 g/dL), and severe leukopenia (1,000/mm 3 ) and died.
Autopsy Findings Systemic examination revealed invasive brain aspergillosis affecting the left temporal and parietal lobes, midbrain and pons, as well as old, cystic necrosis consistent with prior, inactive toxoplasmosis. Focal bronchiolar and alveolar hemorrhages were noted in both lungs. Splenomegaly was also present, and hemophagocytosis was found in the spleen, bone marrow, and lymph nodes.
Ophthalmic Pathology Both globes were grossly unremarkable. Routine H&E stained slides demonstrated a scant, bilateral inflammatory infiltrate confined to the choroid and trabecular meshwork, consisting mostly of macrophages with only rare lymphocytes. No fungal microorganisms, infarcts, or other findings secondary to central retinal artery occlusion were present. Hemophagocytosis was not identified ( Fig. 1 ) , and special stains were negative for microorganisms (GMS, PAS, AFB) or iron (Prussian blue) deposition. CD163 immunohistochemical analysis highlighted numerous histiocytes in the choroid and trabecular meshwork, and more rarely in the retina, optic nerve, ciliary body, and iris. There were no significant CD3-positive T cells or CD20-positive B cells, and immunohistochemical staining for BRAFp.V600E mutant protein was negative.
Case 2 Clinical History
The patient was a 20-year-old male presenting with fever, fatigue, and weight loss 3 months prior to his death. The diagnosis of EBV (+) infectious mononucleosis was made, with persistence of symptoms and aggregate pancytopenia (hemoglobin 6.1 g/dL, white cells 190/mm 3 , platelets 78,000/mm 3 ), as well as hyperferritinemia (349,976 ng/mL), hypertriglyceridemia (484 mg/dL), and hypofibrinogenemia (47 mg/dL). The bone marrow biopsy showed increased cellularity, left-shifted myelopoiesis, interstitial lymphocytosis, and hemophagocytosis. The diagnosis of HLH was made, and he started treatment with methylprednisolone. However, he developed elevation of serum transaminases, metabolic acidosis, septic shock, and disseminated intravascular coagulation (DIC) and died.
Autopsy Findings Postmortem evaluation showed oral candidiasis and multiple hemorrhages in the subarachnoid space, lungs, inferior vena cava, bladder, and ureters, consistent with DIC, as well as hepatosplenomegaly and hemophagocytosis in the bone marrow, liver, and lungs.
Ophthalmic Pathology Gross analysis revealed scattered retinal hemorrhages in the posterior pole of the left eye, with no additional abnormalities. Histologic examination demonstrated occasional retinal hemorrhages, as well as a mild, bilateral, uveal lymphohistiocytic infiltrate affecting the choroid, ciliary body, trabecular meshwork, and focally the iris. Hemophagocytosis was absent ( Fig. 2 ) , and special stains were negative for microorganisms (PAS, GMS, AFB) or significant iron (Prussian blue) deposition. Besides the uveal histiocytic infiltrate, CD163 antibody also demonstrated rare macrophages extending to the retina and optic nerve. CD3 immunostaining highlighted scattered T lymphocytes, while CD20 expression was present in only few B lymphocytes. No BRAFp.V600E mutant protein was detected by immunohistochemistry.
Case 3 Clinical History
The patient was a 49-year-old male with a history of fevers, night sweats, dyspnea, fatigue, and a ∼ 40-pound unintentional weight loss. A general medical evaluation revealed splenomegaly, as well as elevated serum ferritin (327,843 mg/dL), transaminases, and soluble IL-2 receptor (8,995 U/mL). Bone marrow biopsies showed increased cellularity with focal hemophagocytosis. A genetic workup for HLH was negative. Treatment with prednisone and cyclosporine was started, followed by splenectomy and plasmapheresis, without improvement. After a short stabilization period with dexamethasone and etoposide, he presented with DIC, multiple infections, systemic bleeding, and nonspecific visual and auditory disturbances and died 18 months after diagnosis. 
Autopsy Findings
The general autopsy revealed a hypocellular bone marrow with degenerative changes and lymph nodes with lymphocyte depletion, consistent with treatment effect. Jaundice and hepatomegaly with cholestasis were present. Widespread hemorrhages were also identified, including the pons, subarachnoid space, lungs, bowel, left adrenal gland, and skin.
Ophthalmic Pathology There were no gross abnormalities. Histologic sections showed a diffuse, bilateral inflammatory infiltrate consisting of macrophages with rare lymphocytes involving the choroid and extending focally to the ciliary body and iris, some of them with round, eosinophilic, intracellular material suggestive of hemophagocytosis ( Fig. 3 ) as well as significant iron deposition (Prussian blue). Immunohistochemical stain for CD163 was strongly and diffusely positive in uveal macrophages, as well as in scattered histiocytes present in the retina. BRAFp.V600E mutation was not detected using immunohistochemistry. PAS stain was negative for microorganisms.
Histologic and Immunohistochemical Examination of Control Eyes
As a control group, 4 eyes obtained at autopsy from patients with similar ages to our study cohort were examined (see online suppl. ) highlight only few macrophages in the choroid and only in association with microvessels (arrows). Macrophages were even less conspicuous in the ciliary body ( e , f ) in contrast to the study cases ( Fig. 1-3 ).
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Ocul Oncol Pathol 2018;4:1-11 DOI: 10.1159/000475551 7 to our study cases ( Fig. 4 ) . Although CD163 immunoreactivity was difficult to interpret given choroidal pigment, immunoreactivity in cells with a rounded morphology consistent with macrophages was largely limited to vessels in the choroid and uniformly absent in the ciliary body ( Fig. 4 ) . Rare CD163+ cells with a dendritic morphology were identified in the retina, but to a lesser extent than our study cases.
Discussion
HLH was initially thought to be a sporadic neoplastic proliferation of histiocytes and designated in 1939 as "histiocytic medullary reticulosis" by Scott and Robb-Smith. In 1952, Farquhar described it as a familial immune dysregulatory disorder presenting in childhood. The term familial hemophagocytic reticulosis was then changed to primary or familial HL and subsequently, nongenetic causes were recognized (i.e., secondary HLH) [1, 4] . While primary HLH consists of different monogenic alterations that derive from impaired cytotoxicity of natural killer cells (NK) and CD8+ cytotoxic T lymphocytes (CTL), secondary HLH presents as an acquired complication in several contexts such as infections, malignant neoplasms, autoimmune diseases, post-transplantation, or is iatrogenically induced ( Table 1 ) [8] [9] [10] [11] [12] [13] [14] [15] . Regardless of the etiology, HLH is characterized by an uncontrolled activation of NK/CTL that provokes the release of large amounts of proinflammatory cytokines such as IFN-γ, TNF-α, GM-CSF, M-CSF, and IL-2, resulting in hyperstimulation and systemic infiltration by macrophages which, in turn, phagocytose blood cells, mostly red blood cell precursors, and secrete other cytokines responsible for myelosuppression, endothelial damage with coagulopathy, tissue injury, and NK/CTL incessant activation (IL-1, IL-6, and TNF-α) ( Fig. 5 ) [2-4 ] . Histologically, HLH shows a nonspecific multiorgan infiltration by macrophages associated with variable amounts of lymphocytes, especially affecting the bone marrow, lymph nodes, spleen, liver, central nervous system, and skin, which explains the consistent clinical manifestations in these patients (fever, cytopenias, lymphadenopathy, hepatosplenomegaly with liver dysfunction, skin rash, and diverse neurologic alterations) [1, 2, 4, 8] . Hemophagocytosis is a distinctive feature, and its presence in the bone marrow, spleen, or lymph nodes is one of the current diagnostic criteria ( Table 2 ). However, the absence of this morphologic finding is not uncommon at extralymphoid sites and does not rule out the diagnosis [8, 16] .
Of interest, intraocular involvement is an uncommon presentation of HLH [17] [18] [19] [20] [21] [22] [23] [24] [25] , and, to our knowledge, histologic findings have been previously illustrated only in a handful of cases , all of them pediatric at presentation (ranging in the age from 9 weeks to 7 years, median 2.1 years) ( Table 3 ) [26] [27] [28] [29] . Except for the adult onset, the clinical and histologic findings in our present cases are somewhat similar to those previously reported. Cases 2 Hemoglobin <9 g/100 mL (in infants <4 weeks: hemoglobin <10 g/100 mL) Platelets <100 × 10 3 /mL Neutrophils <1 × 10 3 /mL -Hypertriglyceridemia (fasting, ≥265 mg/100 mL) and/or hypofibrinogenemia (≤150 mg/100 mL) -Hemophagocytosis in the bone marrow, spleen or lymph nodes, without evidence of malignancy -Low or absent natural killer cell activity -Ferritin ≥500 ng/mL -Soluble IL-2 receptor (CD25) >2,400 U/mL and 3 satisfied at least 5 of the 8 contemporary criteria, while case 1 satisfied 4 of the criteria, although several of the laboratory tests currently incorporated into the diagnostic criteria were not routinely tested at the time. However, most findings were consistent with the syndrome, including pathologic evidence of hemophagocytosis in the hematolymphoid organs. With slight variations in the affected sites, all pediatric and adult cases showed a bilateral, lymphohistiocytic infiltrate in the uveal tract, particularly in the choroid, except for the case reported by Appen et al. [27] , which had no choroidal involvement. In contrast, the choroid was the only intraocular affected site in the case reported by Lubin et al. [28] . This makes sense, since the choroid is a richly vascularized tissue that 10 is frequently involved in systemic inflammatory and neoplastic disorders. Other documented sites are the optic nerve, retina, vitreous, anterior chamber, and trabecular meshwork [26, 27, 29] . From our perspective, another interesting finding is that the ocular involvement in each of the cases we present displayed not only a bilateral distribution but was also symmetric in terms of severity in each eye. While 2 of our cases had a confirmed history of viral infection, the third case lacked an evident trigger and, interestingly, survival in the latter was also the longest among all the cases (18 months vs. 3 months on average). Additionally, all of our cases lacked immunoreactivity for BRAF p.V600E, which helped in excluding diffuse histiocytoses that may affect the ocular/periocular structures; e.g., Erdheim-Chester disease, which have a high frequency of BRAF mutations [30] .
Many of these disorders tend to involve the orbital soft tissues, which differs from the uniform predominant choroidal involvement by HLH in our series. Other inflammatory disorders, such as sarcoidosis, also have a predilection for the uveal tract. However, these are easily distinguished from HLH on clinical and morphologic grounds. In summary, HLH is a rare, systemic, and frequently lethal immunologic disorder mostly presenting in the pediatric population and with only few cases with pathologically documented histologic abnormalities. This unique series also emphasizes the importance of keeping this entity in mind for the differential diagnosis of adult patients with suggestive signs and symptoms presenting with visual impairment in the clinic. Although with variable severity, histologic findings in HLH with ocular involvement seem to be similar regardless of age, gender, and etiology. The consistent choroidal anatomical distribution may be explained by the unique microvasculature in this region. Of interest, prior studies in normal and abnormal eyes at autopsy have documented components of the immune system, including macrophages and CD163+ cells in the retina and uveal tract [31, 32] . Many of these have a consistent dendritic morphology. In our study using age-matched control eyes, CD163+ cells with macrophage morphology were largely limited to choroidal vessels, in contrast to the 3 eyes of the patients with HLH, where infiltrates, although of variable severity, were more diffuse and present outside vessels.
While the reason for the extension to other sites (ciliary body, iris, retina, and optic nerve) is unclear, it may be secondary to chronicity or increased severity in a subset of cases. Future studies including more contemporary cases should increase our understanding of this clinicopathologic entity and in particular its distinctive intraocular manifestations.
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